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A Scout rocke t  f i r e d  from Wallops I s l a n d ,  V i rg in i a  on 
March 29, 1962 a t  2:27 AM l o c a l  time, was instrumented f o r  
measuring ionosphere e l e c t r o n  and ion d e n s i t i e s  b y  meam of 
a two-frequency c w  propagation beacon and a podat ive  ion  t r a p  
r e t a r d i n g  p o t e n t i a l  experiment, r e spec t ive ly .  Although v e h i c l e  
performance was good (6000 km apogee) ins t rumenta t ion  d i f f i c u l t i e s  
encountered dur ing  f o u r t h  s t a g e  burning seve re ly  l i m i t e d  t h e  
s c i e n t i f i c  mission of t h e  payload. However, e l e c t r o n  d e n s i t y  
va lues  were obta ined  a t  a l t i t u d e s  up t o  750 km and a n  ion  
d e n s i t y  p r o f i l e  up t o  2800 km. The l a t t e r  r e s u l t  is  t h e  
p r i n c i p l e  s u b j e c t  of t h i s  paper.  

The p o s i t i v e  ion  r e t a r d i n g  p o t e n t i a l  experiment was 
s i m i l a r  t o  t h a t  flown s u c c e s s f u l l y  on t h e  Explorer V I 1 1  

s a t e l l i t e  (Bourdeau, Donley and Whipple, 1962; Bourdeau, Whipple, 
Donley and Bauer, 19621, on a Scout rocke t  (Hale, 19611, azld 
on a J a v e l i n  rocke t  (Hanson and McKibbin, 1961). 1 / 

The p lana r  i o n  t r a p  c o m i s t e d  of ape r tu re ,  r e t a r d i n g  
p o t e n t i a l  and e l e c t r o n  suppressor  g r i d s ,  cons t ruc ted  of a 
w i r e  mesh, and a c u r r e n t  c o l l e c t o r  p l a t e .  The ion currep-t  
w a s  measured wi th  a 1000/, feedback l i p e a r  respocse e l ec t rome te r  
a m p l i f i e r .  

Measurements of p o s i t i v e  ion  concent ra t ion  a r e  ob ta ined  
f r o m  t h e  c o l l e c t o r  c u r r e n t s  when t h e  vo l tage  on t h e  r e t a r d i n g  
g r i d  is nega t ive  r e l a t i v e  t o  t h e  ambient plasma such t h a t  t h e r e  
i s  no r e t a r d a t i o n  of incoming ions.  Under t h e s e  cond i t ions ,  
t h e  col lector  c u r r e n t  I+ is related t o  t h e  ion  concentxat ion 
N+ by (Whipple, 1959) 
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A e N+ V cos 8 1/2 + 1/2 erf(V/a)+ a ~XPC-Y /a ~ ] < ~ j  I+ = a+ 
2J-T v cos e s 

where a+ is t h e  combined e l e c t r i c a l  t ransparency of t h e  g r i d s  
f o r  i o n s ,  A is t h e  c o l l e c t o r  a r e a ,  e is  t h e  e l e c t r o n i c  charge,  
V i s  t h e  v e h i c l e  v e l o c i t y ,  8 is t h e  angle  between t h e  v e h i c l e  
v e l o c i t y  and t r a p  normal, and a is the  most probable  thermal  
ion  v e l o c i t y .  During t h e  lower po r t ion  of t h e  f l i g h t  for which 
d a t a  is *esented, 8 is s u f f i c i e n t l y  smal l  and t h e  v e h i c l e  
v e l o c i t y  is  s u f f i c i e n t l y  g r e a t e r  than t h e  ion  thermal v e l o c i t y  
so  t h a t  t h e  c o l l e c t o r  c u r r e n t  can be r ep resen ted  wi th  smal l  
e r r o r  by 

I+ = a+A e N+ V. 

The p o s i t i v e  ion  dens i ty  p r o f i l e  ob ta ined  is  shown i n  
F igure  1. A value of 0.90 was used f o r  t h e  ion  t ransparency 
i n  t h e  d a t a  r educ t ion .  T h i s  va lue  is  c o n s i s t e n t  wi th  an 
i n - f l i g h t  c a l i b r a t i o n  of such g r i d s  on t h e  Explorer V I 1 1  

s a t e l l i t e  (Bourdeau, Donley, Serbu and Whipple, 1961). The 
ion  t r a p  d a t a  a r e  i n  good agreement wi th  va lues  of e l e c t r o n  
d e n s i t y  ob ta ined  from t h e  ground-ionosonde a t  Wallops I s l a n d  
a t  t h e  F2 max a l t i t u d e  and from Faraday r o t a t i o n  da ta  a t  73.6 Mc/s 
from t h e  c w  propagation experiment up t o  750 km.  

There a r e  two p o r t i o n s  of t h e  p r o f i l e  above t h e  F2 
maximum where t h e  e l ec t ron - ion  s c a l e  he igh t  i s  nea r ly  cons t an t .  
These occur i n  t h e  reg ion  350-500 km'ggeopotential  a l t i t u d e )  
and above 1000 km'. Assuming t h a t  t h e  predominant i o n s  i n  + t h e s e  t w o  r eg ions  a r e  O+ and H 

i n  both r e g i o n s  a r e  c o n s i s t e n t  w i t h  a n e u t r a l  gas temperature 
of 800 - + 150°K. 

The presence of helium i o n s  is not  obvious from t h i s  
n igh t t ime  p r o f i l e  s i n c e  tpere is no a l t i t u d e  reg ion  corresponding 
t o  a He+ s c a l e  he igh t  a s  ev ident  i n  daytime p r o f i l e s  QHaoson, 
1962; Bauer and Jackson, 1962). This is d i r e c t  e v i d e m e  t h a t  
t h e r e  is a l a r g e  d i u r n a l  v a r i a t i o n  i n  t h e  th i ckness  of t h e  

r e s p e c t i v e l y ,  t h e  s c a l e  h e i g h t s  
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upper ionosphere helium ion layer contrary to the conclusion 
of Hanson (1962). Bauer (1962) has pointed out that there 
should be a diurnal variation in the thickness of the helium 
ion layer. The profile presented in Figure 1 is in good 
agreement with a nighttime electron density profile obtained 
by Ulwick and Pfister (1962). 

A more recent topside ionosphere model (Bauer, 1963) 
takes into account the diurnal variation of hydrogen content at 
a constant reference level. This indicates Large diurnal 
variations in the helium ion layer thickness and also shows 
that for atmospheric tgmperatures less than 1000°K the helium 
ion layer thickness is less than the scale height for helium 
ions and no distinguishable slope corresponding to He+ is 
evident in electron or ion density profiles. Consequectly, 
the determination of ion composition from a charged particle 
density profile requires a careful analysis of the shape of 
the profile in the ion transition altitude region. On the 
assumption of an isothermal, multiple-constituent ionosphere 
in diffusive equilibrium, the fit of the experimental data 
with a theoretical model (Bauer, 1962) in the region of 
transition between the constant scale height regions requires 
a ternary mixture of O f ,  He 
Figure 1 with a solid line, assumed a temperature of 800°K 
and a ratio of He+ to Of of 4 . 0  x 
7.0 x lom3 at a reference altitude of 350 kmr (geopotential 
altitude). 
constituent are at 580 km (530 km') ard from He' to H' at 
840 km (740 km') suggesting a helium ion layer about 260 km thick. 
This is in good agreement with the prediction by Bauer (1963) 
zf a helium ior? lzyer  with a thickness of about 300 km for an 
atmospheric temperature of 800 K, although the transition 
altitudes for the profile are about 200 km lower than in 
Bauer ' s model. 

+ + and H . The best fit, shown in 

and Hf to Of of 

The transitions from 0' to He' as the predominant 

0 
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obtained from the ion scale height of the profile, the value 
is consistent with temperatures obtained by Hanson and 
McKibbin (1961) using a similar ion trap. This factor of 
two most likely is due to an enhancement in the normal component 
of the particle energy caused by a non-planar sheath geometry 
(Hinteregger, private communication). This factor is not 
considered in Whipple's (1959) theoretical relationship used 
for analysis. Under normal operation, this factor of two 
would not impair the trap's ion resolution enough to prevent 
correct identification of ionic constituents from the volt-ampere 
curves . 

1 

The symptoms of the partial failure are such that the 
effective amplitude of the retarding potential appears attenuated. 
This could arise from ruptures in the retarding grid structure. 
This wouici aiiow 11leaSiii-eiiiZ:t of t o t a l  ion cimrent but the 
volt-ampere characteristics of the retarding potential curves 
could not be used for determining ionic composition through the 
use of Whipple's (1959) theoretical relationship. 

It has been shown from the experimental ion density profile, 
which is valid despite the indicated partial failure, that the 
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transition altitude from heavy to light ions occurs at about 
600 km in a nighttime :ionosphere, and that the thickness of 
the helium ion layer in the upper ionosphere shows large 
variations as a function of the neutral gas temperature. 

ACKNOWLEDGMENTS 
I would like to thank J .  E .  Jackson and S. J. Bauer for 

the use of their Faraday rotation data and S. J. Bauer for 
his assistance in obtaining a model ionosphere profile. 



- 6 -  

FIGURE CAPTION 

Figure  1. An ion  dens i ty  p r o f i l e  obtained with an ion  t r a p  
experiment on a Scout rocke t  a t  Wallops I s l a n d ,  
V i rg in i a .  The right-hand o r d i n a t e  is geometric 
a l t i t u d e  and t h e  lef t -hand o r d i n a t e  is geopo ten t i a l  
a l t i t u d e  which t akes  i n t o  account t h e  a l t i t u d e  
dependence of t h e  a c c e l e r a t i o n  of g r a v i t y .  Ion 
t r a p  da t a  is shown by c i r c l e s  wi th  e r r o r  f l a g s  
ind ica t ed .  A t h e o r e t i c a l  model ionosphere is  shown 
by a s o l i d  l i n e .  Faraday r o t a t i o n  da ta  and t h e  
va lue  of e l e c t r o n  d e n s i t y  of F2 max a l t i t u d e  
obta ined  from a ground ionosonde a r e  i n d i c a t e d .  
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